We studied effects of isocaloric and meat intake (r = 0.367, p < 0.05). We conclude that diet composition, especially protein intake, isan important stimulus to sustained insulin production as measured by C-peptide in healthy subjects. Diet composition has a significant impact on creatinine excretion. Urine creatinine cannot be assumed to reflect only lean body weight when it is used as a measure of the adequacy of timed urine collections.
Introduction
The nature of diet composition and the impact on glycemic excursion has been widely studied. The observations of Allen (1) that low carbohydrate, high fat diets reduced hyperglycemia and increased survival in diabetic patients were an important impetus to such studies.
More recently much attention has been given to the nature of the carbohydrate source and its influence on glycemic excursion (2-4), and to some extent the impact of protein in the diet. Less attention has been given to direct measurements of insulin production under conditions of varying diet. Although it is generally recognized that insulin production is related to carbohydrate intake, it is also well known that amino acids stimulate insulin production when administered intravenously 350 (5-7) . However the effects of protein ingestion on insulin production are less well characterized. Furthermore, the effects of mixed meals on insulin production have not been widely studied, and most studies are of short duration (several hours to 1 day). 
Methods

Subjects
Eight healthy young adult subjects (five male, three female) were recruited from the University of Minnesota Community.
No subject had a history of significant medical problems or medications which might affect beta cell function.
(One subject had had multiple surgical procedures as a child for cleft lip-palate repair, and one was on low dose tetracycline for acne.) All were normal on physical examination.
All subjects had normal renal and hepatic function as measured by routine serum chemistry determinations.
Except for one male whose BMI was 27.3 kgJm2, none of the subjects was obese. Other subject characteristics are outlined in Table 1 . All meals were prepared in the GCRC metabolic kitchen. During the course of the study subjects ate all meals and slept in the General Clinical
Research Center (GCRC) at the University of Minnesota Hospitals, and were ambulatory with no change in activity levels. Weight maintenance diets were calculated using an estimate of basal energy requirement for each participant, 3-day food records kept by some subjects prior to starting Weights for all subjects were stable throughout the study. The study was approved by the Human Subjects Committee at the University of Minnesota, and all subjects gave written informed consent.
Diets
The original study design included four diets providing 2000 kcal in each diet for female subjects and 3000 kcal in each diet for male subjects. Diet composition varied as defined by study design to provide: Male subjects were all heavier than female subjects (Table  1) and also required greater caloric intake for weight maintenance (Table  2 ). Urine C-peptide and urine creatinine excretion were also generally higher in male than in female subjects ( Figures  1 and 2 ). Mean urinary creatinine excretion was also noted to be higher during the high PRO diet than the low PRO diet for each of the first two subjects (Figure 2 , Subjects 1 and 2). This was more marked in the female subject (Subject 2) in whom a 24% difference was detected between Urine C-peptide assays were performed using the M-1230 antibody (Novo, mc, Copenhagen, Denmark) as previously described (9). Plasma glucose determinations were obtained using a glucose oxidase method. Serum and urine creatinine determinations were measured on a Beckman ASTRA (Beckman Instruments, Inc, Brea, CA) using the Jaffe reaction.
Statistical methods
Since multiple determinations of a given measurement were made for each subject during each diet, a single mean value for each subject was used to calculate mean values for the group and to perform the statistical analyses. This eliminates the variability introduced by different sampling frequencies among subjects and also decreases the chance to detect statistically significantdifferences.
For comparisons of urine C-peptide and creatinine differences among diets for an individual subject, all values obtained within a given diet period for that subject were used.
All analyses were performed using the GCRC CLINFO computer system. (Table 2) any change in urine C-peptide could be calculated in terms of the differencesin CHO. This was called the incremental C-peptide responsetoCHO and calculated using the following formulas:
The corresponding calculation for the incremental C-peptide response to protein could be calculated using high and low PRO diets in which CHO content was the same (Table 2) . 
Results
General observations
Diet effects on urine C-peptide and urine creatinine (Individual data)
There was a wide range of urine C-peptide values among individual subjects ( Figure  1) . However, the pattern of responses of urine Cpeptide across the range of diets was reasonably consistent from subject to subject. Generally the high CHO, high PRO, and mod PRO diets had greater values than the low CHO and low PRO diets. Only the low value of urine C-peptide on the high CHO diet in subject 8 represents a marked deviation from this pattern.
When daily values of urine C-peptide ( 
Variables affecting urine C-peptide excretion
Mean values for each subject for each diet period were used for these analyses.
There was significant positive correlation of mean 24 h urine C-peptide excretion and mean body weight (r = 0.452, p = 0.004), caloric intake (r = 0.594, p <0.001), carbohydrate intake (r = 0.469, p = 0.003), and protein intake (r = 0.453, p = 0.004).
These variables were not independent.
Caloric intake was adjusted to maintain body weight such that a very high correlation exists between body weight and daily caloric intake (r = 0.920, p <0.0001). Across the range of diets there was wide variation in CHO intake (male: 228-454 g; female:
152-302 g) and PRO intake In fact, PRO intake had more than twice the contribution to urine C-peptide excretion than CHO intake on a weight (g) basis. Body weight did not contribute independently of total caloric intake. 
Variables affecting creatinine excretion
To assess the relationships of body weight as well as total protein and meat protein ingestion on urine creatinine excretion, several correlations were made. Mean values for each diet period for each subject were used in these analyses.
There was a strong correlation of mean body weight for each diet period and mean creatimne excretion for all subjects in all diets (r = 0.959, p <0.001).
There was also a correlation of total PRO intake (g) and creatinine excretion (r = 0. This may be particularly true for female subjects as one of our subjects had a 24% difference between high and low protein diets.
The possibility exists that an increase in GFR might affect urine C-peptide excretion. Data from the present study do not show significant differences in creatinine clearance (as an indirect reflection of GFR) among the diets. However, data from Blix et al (11) support the idea of a slight increase in urine C-peptide with increased urine creatinine excretion. However, other preliminary studies of fractional excretion of C-peptide in C-peptide free, type I diabetic subjects suggest that there may be
